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THEORY OF OPERATIONS 



IntrodttCtloB 



This section is written for the engineer or 
service technician who desires an understanding 
of the Workslate circuitry at a component level. 
The circuitry within the Workslate can be divided 
in several major areas as follows: 



^ Digital System includes the 

microprocessor, RAM, ROM, and peripheral 
logic necessary to control all of the digital 
and analog functions for the Workslate 



o The Telephone and Modem Cir cui t s provide a 
300 baud full duplex modem, a status filter 
to decode various status tones from the 
telephone system, and a standard telephone 
circuit capable of either pulse or tone 
dialing 



^ '^^^ ^^P^ and Audio Circuits control the tape 
and head motors on the tape transport, tape 
counting, recording and playback of both 
voice and data on the tape, multiplexing of 
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multiple audio sources to multiple 
destinations, and amplification of the audio 
source to the speaker* 

^ '^^^ PQ^^^^ Supplies generate +5 Vdc and -12 
Vdc to power the Workslate when it is fully 
powered up. and backup voltages to preserve 
certain functions and the content of RAM in 
the Workslate when it is in the standby mode 
(off). 

Figure 3-1 shows the overall functional block 
diagram of the Workslate. In the following 
subsections, more detailed block diagrams are 
provided to cover the circuits being described. 
For a component-level layout of the Workslate, 
see Figure 3-2, the Main Logic Board schematic, 
and Figure 3-5, the Display Board schematic. 
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Figure 3-1. Workslate Main Functional Block Diagram. 
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As 3ho\'-n o a [>n^^.,fi oZ Fi/^ure 3-3, tae Main Logic 
board schematic, ::bG iii crcprocesoor an "J20 is a 
'iitachi HD63A03-V0o It -^3 eiglit-Dit .:i4uf:> CrU, 
si,'..:.lar in a chi t e c t tir 3 and instruction set t9.;a 
Motorola GHOO-seriet microprocessor* 1520 
gcinerates the bacic tJTSteta clock for th-? digital 
'^■'y^tem una cocr^iiiS 1/.8 bytt:'> of scratchpad RAM^ 
a/id an inter. t'r,icr. l;20 also provioes tu.-} 
i rrput/ov L V'.?; p^^jtlr-. one parallel pc'*t to o-per Ve 
L : 'J .J c d e 1,; ; n d t e i ^ o :* e c 1 r cu 1 t 3 ^ and one s e r i :i 1 
port to cuLiry cat: /o arid fron: the ca;. c g< ue 
a r r a 7 , mc d a , a r. d 'o' 1 0 o r t * 



rs tEa2^.?'-^"ii J4§^..^Hf Ce: "'tea ^^li-oal 



Wl.'^u-e 3-3. Main Logic Board Scheratlc. 



stem 



Timing, TU^-. basic timing for U20 is XI, a 4.913 
Mdz crystal across pins 2 and 3 of V20. U20 
internally divides the crystal frequ'^ncy by four 
to get the basic .system clock fraquency 



throughout tae digital 37s:ein as E (F^nc^ble) at 
pin 5''. to synchronize data transfers on the 
fault iplestec^ a<tdress and date bus. 

Address and Data Busses* The multiplexed address 
and data at pins 7 through 14, and the non-' 

multiplexed address bus at pins 15 through 18 and 
pins 23 through 2 j-rovide 16 bits of addrec? 
(64K-byte range) a^d C bits of data. The addrcrs 
and data !vus connects all of the .tddressaLie 
circuit elements in the Workslate, such as the 
LCD contr ller, RAM, ROM, real-time clock, etc. 
As shown in Figure 3-4, Frocessoj Bus ycie 
Tin)ing, during the first p<'rt of a rer>,d or vrite 
cycle the ADO through AD7 (Address and 
lines carry t e lo\v'?r eight bits o2 the memory or 
I/O address, and the A8 through A15 (Address) 
lines carry the upper eight bits of the address* 
During this time, AS (Addres'^^ Strobe) line is 
high at pin 53 of U20 • The lower eight bits of 
the address are lacched in the decoder gAte ^rxay 




The basic system clock is distributed 
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Figure 3--4* Frocessoi Bus Cycle Tining. 
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fxt louri ng the riecopd naif o e the read or 

xvrlte cycle, data appears on the \D0 througa AO? 
iir.es either froTiL or to the addressed memory 
location or I/O device^ The R/W- (Read/Write-) 
line !« a level, wliich indiurtes the airection of 
dcita tra-usfer as a reid Chigl ) or w*.'ite (low), 
'he actual read and wrice data strobes are 
rjcaerated in cert junc'r.ion x/:.th the S clc -^k in the 
decoder gate arrr.7. 



Processor Modes. The :^PU operates in four IjlsIc 
mcdps: norirai, ole^p, standby, u:id reset* Sleep 
and standby are Ivo v;*"i:owe r modes. 



When U20 Is in no r^al mode » it is fully powered 
iiitd can nerfo-^-ii all of its funct 1 onsi * 



To go into s 1 e e p mc , v^;bich \ises only a f.c-'ttior 
of the pover used 1*1 the normal mode^ U2i must 
execute the SLP (Sleep) i ns t r uct loi^ . When U20 Is 
in the sleep mode,, the S clock is scjlII running 
so that ether de/ices in the digital system can 
operate* However, the CPr does not access 
in-rer":al or external memory or I/O devices* The 
CPU wakes ut> upon receipt of an :''^:errupt request 
from a device on the IRQ- (In er uf t Request) 
line at pin 2 of TJ 2 0 , or upon an interrupt from 
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tae incernal timer. An exr.'npie of how the sleep 
modi is used with the CPU xs when the VJockslate 
is on and tiie user Is not performing an 



interrupLed r rom the sleep itiode by the internjl 
timer every 10 milliseconds to scan u^ie keyboard 
for a xey being pressed. If no icey is being 
pressed, the CPU executes the SLP command until 
the internal timer xo^akes it up again. The si .:ep 
mode can also be exited by entry into the standby 
mode oT the reset rAode, both d-^scussed belcw* 

The s tand'i>y i o nfiad v^hen the Workslatri is in 

an power-cfl state to r--duce the power demands of 
the CPU to £.1 absolute minimum level while stil- 
preserving t r e ccLtenc of its internal RAM, Vhen 
chc user presses the On/Off key to turn the 
Workslate off, the tape gale array set.-i the 
ON/OFF- sipral to pin 32 of U20 low. ITpor 
receipt o:. ON/on\ the CPU goes into a 
housekeeping routine to save the contents of its 
registers and data In its 128 bytes of RAM. W n 
t\iA CPU has e lecuted the routine , it writd^ to 
the tape gv. te array at I/O port 2C indicatin g 
that it is safe to go into standly modc^. 7he 
tape gate array "be n pulls th3 !> T . °- (Standby) 
line lovT nt pin 9 of U2G. Wh-2n tl.e CPU senses 



operation * 



During this time. 



the 



CPU 



is 




tem 



thai STBY*- is low, it ^oes into a roMtxrie o 
disable the E c/^ock and oet all cf Its hitrh. The 
only iLpat th^ CPU exaraines is HE'S- (Reiser) at 
pin 4 0 of U2U u 

Wheii the ur?cr piloses the On/Cyf key to f>o :er u? 
the Workslate, the CPU goer into the ve set gode^ 
The On/off key press is detected by the tn^e gate 
^:rray, whicji then holds ilZS"* lov: for c.t least 20 
Tiiilliceconds « When R^I'S- goes J and then high 
c:gain> thk' CPU resets it---; operating rode, 
(nult ' plexed address a..d da.-a), start:-, the E 
clock, enables its cAdress and data busses, m'^-w<:.s 
tae IPQ- Interrupt bit, and loads tL.i con t ec. c i of 
two "tart addresoeSj FFFjEU and FfFT"!! into its 
progtaai ccun':er« Or.ee t-.e E cloo^ has 

ijtabiiizcd^ the t a po gate "rray sets rhe OK'/^''"' I'- 
signal higL to 1 dicate that no rjjia l-" oue 
o pe r a t o n s h c ui s t art* 

Froceesor Parallel I-ort«. ']?0 bas an elS'*^t-bit 
parallel I/O port are used fev: discrete coatrol 
lir.e to and from the raodeia, decoder -^ate ^«tray, 
and tape gate array. The pi-^ ass Igrn; -^^nt s are 1-2 
.!:ol 1 01'/ s : 

Wo_r_h_s^ia I e Hard^^ai^ and 3c¥.fce Haruial 
Fi rf; t'^/Vaf t"""T>ecrj" of Ope r^-t i -'as/ Dig! t al" ",f y.^ - 
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Bank /i« Sliaijar to bAi^iJi- 

( 8 e e bel ow) 



ly BAM i:^^aruc B» Used in cots Junct ioa 

with fj/.l-aCA-, uavAK. B selects 
which o i: the three RO^js data 
wxll be read fror. rAhFA-- snd 
BAi\IK3- are sent to the decoder 
gate array <?. t U13 to piovid'^ 
tlve appropriate chip select 
iina for the FOMs. KhcD the 
/o lies late is ''irs't pov/er^^d: i 
H/M^KA- and BAl^'iCB'- .^re pull^id 
'.iigh to select tie CSR.yMO- 
chip r. elect (ROM B£- ak 



ON/OFF- Oil or Off* This input f:-^u 
.':he t^pe gate arr^:y : uioxh.$ 
the CPU that a v.,er is 
requesting either power on 
(high) or power off (low). 



1:1*^ Ring i -.d J. cat o r • r-ie;: t'tio 

input is ow ^ a ringing sie?.al 
IB present on the telephone 
line* 



23 DCD- l^ata jarritr Fetect. Wi>on 

r. le P^D- input is ow , data 
carrier ener is preceat o i 
the telephoiie lir:3e 

/4 uNH On Hook* VJhen this output is 

low, the £eicphor?e circuitry 
in the v^orksl£xte lias s<^iz^id 
(i^icked up)the telephone line» 
VJh 9 a ONH i s hi gh , the 
telephone line ia open (on the 
I- or , 

'2 5 C/A- Or .* gl nat c/ A . S'fvjer • Tl^a modem 

h'd.'? two sp.:' ce/mar k ( 1 / ) 
ireqiiency pa-.rs assoctated 
with it v'.-pef'diiig on x7';ether 
it is origiaatlng a call or 
answering o»;e. Uhen ;:he 0/A** 
output is low, the ntod-?.i!n is 
placed in the answer mode# 
"Then O/A- is high, the modem 
is place^l in the -"iriginat^. 
■m o J e ♦ 



?.o JjQT Squelch TratKmitter. l^hen SQ' 

is hi^Tfij the tra nsiiltter in 
t le raodevD is of f • 



?roce'3Sor Serial Forto A five-bit ser'al po.:t: at 
piri3 35 through 39 of U2C are used for 
coiarr.uni cation with the Tiiodem, nape gate array 
(tape read /write circait-s), and the GPIO (General 
P u r p o c e I n p j t ( u t r: u t ) p o r t , as V7fi II as p ro vi d i ag 
ail inp^ t and an oti?:p:it for the timer inslJe 
The pin a s s gi'uae r. r o are as follows: 



II TI:^ Timer lr;i^at^ Hha tinner input 

to tli<ft seri^-'l port Is the 
^^7ATU*3- line from the s tit us 
loiter described below* The 
f^'mer IS used to ccunt t'ie 
'f.^idtl'u of ^ the pulse: f^'om the 
st<-:r.as filter to deteriiUV'e 
vjhcit t3M>e of tor. 'S (buvy, 
rl-ig, e t c . ^ a ce b'-'^ing r<^r ved 
by the telepbc e circuits* 
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12 TOT Timer 0\it.>ut. Unubed. 

13 CCK Cljftnnei Clock. channel 

cior:k allows the aerial 
channel to operate in a 
syncuronous nuode iii 
commx'nicatxons wi:h 'he upe 
gaL:e array . The mo iera and 
GPIO port c^o not use CCK. 

1 "'i- CRX Chr>nr'ii Recel/eo This inp^:.t 

is the receive line for the 

seritTi 1 cbanne I 

i5 CTX Charu:cl Transmit • TLis input 

is the t r a n s n i t line for . . e 
ser:" a I channel . 



Timer Counter* Ti^e interna"' timer/counter ia .'ilie 
CPU ha3 tv-'O functiiotis. Tilvery 10 nii llisecor. s » 
the timer inteiruptn t'le CPU to remind it ti-at it 
mast <^can the keyboard for depressed keys. Also 
the ti*'aer measures the widths of pulses coming 
Lz-jm the telephone status filter. 



Digital System 



The Digital System includes the microprocessor, 
RAM, ROM, and peripheral logic necessary to 
control all of the digital and analog functions 
for the Workslate. As Figure 3-2 shows, the 
major functional blocks in the digital system are 
as follows: 

o an eight-bit mi croprocessor that centrally 

controls digital functions, such as keyboard 
scanning, telephone and modem functions, and 
commuuni cat ion with Workslate peripheral 
devi ces 

^ ^ real-t ime clock that provides clock, 
calendar, and alarm functions 

^ ^ liquid crystal display controller that 
generates timing for the liquid crystal 
di splay . 

o a liquid crystal display that displays the 
data in two 64-pixel by 276-pixel arrays 

^ ^ decoder gate array that demultiplexes the 
address and data bus for the microprocessor 

Workslate Hardware and Service Manual 
First Draft Theory of Operations/Digital System 

Page 1 



and provides device selection lines for 
peripheral functions 



o a tape gate array that provides the digital 
Interface for the tape system, and control 
power-on and power-off sequencing. 

^ keyboard logic that enables the CPU to scan 
the keyboard for pressed keys. 

o 16K bytes of RAM providing storage for 
worksheets and other data. The RAM Is 
protected against loss by backup batteries 
for up to one year. 

o 64K bytes of bank selected ROM containing the 
operating system for the Workslate 
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Figiire 'Digital Systen Block fiagra©, 



Telephone and Modem Circuits 



The modem in the Workslate is a Bell 103- 
compatible, 300 baud, full-duplex type with 
originate/ answer capability. 

For transmission or reception of data or voice 
over standard telephone systems (500- or 2500- 
type telsets), the modem and audio circuits in 
the Workslate are supported by the DAA (Data 
Access Arrangement) section. The DAA can detect 
a ringing signal from the central office, and can 
detect tones present on the telephone line, such 
as busy, dialtone, etc* (The firmware in the 
Workslate is presently designed to decode a dial 
tone from the telephone line.) The DAA has the 
ability to either pulse dial or tone dial a 
telephone number. The block diagram for the 



Telephone and Modem circuits is shown as Figure 
3-9. 
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gure 3-9. Telephone and Modem Circuits Block Diagram. 



First Draft ¥ft^Vi»iatab Rardw ^ye aqd Service Manual 

P p^i^ atpi^o ^n^e-teptr^ and Mo d 



em Circuits 



Data Access Arrangement. As shown on page x of 
Figure 3-3, two standard RJ-11 telephone jacks at 
Jl and J2 are wired so that the user can connect 
a Workslate and a standard telephone in parallel 
to a single telephone line. When an external 
telephone or modem tries to access a Workslate, 
the ring energy is present across the Tip and 
Ring inputs of Jl and J2 at pins 4 and 5, 
respectively. The ring energy, which can be as 
high as 90 Vac, is applied to the bridge 
rectifier made up of diodes CR5 through CR8 . The 
rectified voltage from the opposite side of the 
bridge is applied to the LED in the op t o-i solat or 
at Q4 . At the pin 5 collector of Q4, ringing 
causes RI (Ring Indicator) to go low to pin 22 of 
U20's parallel port. To seize (pickup) the phone 
line, U20 sets pin 24, ONH (On Hook) to low. ONH 
causes, through Q2, relay Kl to close, thus 
connecting the Workslate to the telephone line. 
Transformer Tl has a 1:1 turns ratio and provides 
isolation from the DAA to the Workslate telephone 
and modem circuits. The secondary of Tl at pin3 
3 is sent to the duplexer circuit and then to the 
modem and audio circuits. Note that diodes CRIO 
and CRll clamp the output peaks of the isolation 
transformer to plus or minus 3.9 volts. Also, if 
tone dialing facilities are not available, pulse 
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dialing is accomodated by U20 simply opening and 
closing the relay through the ONH signal as many 
times as required to "dial" the number. 



Since the user needs to hear the phone ringing 
before the telephone line is actually seized, the 
ring energy is also ac-coupled through R35 and 
Cll to Tl . At the pin 3 output of Tl , the 
ringing signal is sent through the input side of 
the duplexer circuit and then to the audio 
circuits as PH0NE0UT2 (Telephone Ouput 2). 



Status Filter. The status filter provides a 
signal STATUS-, which is used by the Workslate 
software to decode the dialtones on the telephone 
line. The negative rail of the status filter is 
powered by VEE only when the ONH signal is low 
through transistors Q2 and Q3 , that is, when the 
telephone line is siezed by relay Kl . The 
positive rail is powered by VDDSW and is active 
only when the modem is in use. (See "Power 
Supplies . " ) 



The input for the status filter is PHONEOUTl 
(Telephone Output 1) from the secondary of 
isolation transformer Tl . The signal first 

passes through a 400 to 850-Hz bandpass filter 



aud hodem Circuits 



composed of both halves of U32. Each output of 
U32 at pins 7 and 1 provides 20 dB of rolloff for 
frequencies outside of the 400 to 850~Hz band. 
The bandpass signal is then sent to a limiter at 
pin 5 U31, which compares the input level to a 
threshold reference at pin 6 and, if the input is 
above the threshold, generates a high ( + 5 Vdc) 
level at pin 1 • If the input at pin 6 level is 
below the threshold, pin 7 of U31 goes to ground. 
This output at pin 7 of U31 is further coupled 
through CR14 and current-limiting resistor R194 
to the pin 2 input of U31. Capacitor C18 in the 
feedback path between pins 1 and 2 of U31 is 
charged through R194 to generate a 4-5 to -12-Vdc 
level at the pin 1 output. Some clicks, pops, 
and other noise from the telephone line can pass 
through the bandpass filter to the pin 7 output 
of U3 1 . Since this noise can also charge C18, 
and thus cause a false STATUS- signal, R194 at 
pin 2 of U3 1 limits the amount of charge that can 
be pumped into capacitor CIS. At pin 1 of U31, 
the signal can range from +5 to -12 Vdc. To 
convert the signal to a logic level, CR15 
prevents the signal from going more than one 
diode voltage drop below ground. At this point, 
the signal is called STATUS- and is sent to the 
pin 11 TIN (Timer Input) of the CPU at U20. The 
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timer can measure the duration of the STATUS- 
signal to determine which tone is coming from the 
telephone line but, at the present time, only 
recognizes the dial tone. 



Dual-Tone Multi-Frequency Dialing. Two types of 
dialing can be accomodated by the telephone 
circuits. When tone dialing is desired, the DTMF 
(Dual-Tone Multi-Frequency) generator at U22 is 
used to generate the pair of tones that are the 
number tones used by the telephone system. The 
CPU at U20 writes a byte into DTMF latch U23 when 
CSDTMFW- (DTMF Write Chip Select) is low. The 
bits correspond to the row and column inputs of 
DTMF generator U22 to generate the tone. 
CSDTMFW- is selected by the decoder gate array at 
address 0030h. The tones originate at the pin 16 
output of U22 by division of the 3 . 579545-MHz 
crystal frequency generated at X3 . The tones, 
corresponding row and column inputs, key codes, 
etc. are listed in Table 2-x in the 
"Arichitecture" section. 



The tone output of U22 is ac-coupled through C31 
and R69 to the pin 15 A- summing amplifier input 
of the switched capacitor filter at U26. The 
tone at A- is summed with two other signals, 
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PHONEIN- (Telephone Input) and TXO (Transmit 
Output) at pin 2 of U26. TXO originates at 
TCARR (Transmit Carrier) from pin 9 of U24* 



The tone at the pin 16 output of the summing 
amplifier is sent to the pin 2 input to duplexer 
U30. The duplexer provides conversion from the 
four-wire (transmit, receive, and two grounds) to 
the two wire (signal and return) used in 
telephone systems. The pin 1 output of U30 is 
sent to isolation transformer Tl and onto the 
telephone line. 

Modem* The modem (modulator/demodulator) is 
composed of a integrated circuit modem at U24 and 
a swi t ched-capaci t or filter at U26. U26 is 
driven by a 4.0~MHz crystal at X4 , tied across 
pins 7 and 8. U26 internally develops a 5th- 
order bandpass filter to allow detection of the 
receive data frequencies, and to filter the 
transmit frequencies. U26's internal oscillator 
also provides a 1.0-MHz clock at pin 11 to the 
pin 4 clock input to the modem at U24. 



Data to be transmitted to the telephone line is 
sent from U20 on the CTX (Channel Transmit) 
serial channel. The format is as asynchronous 
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10-bit words, with each word containing one start 
bit, eight data bits, and one stop bit. The 
eighth data bit can be a parity bit or else 
ignored when no parity is used. When TXEN 
(Transmit Enable) at pin 12 is high from SQT- 
(Squelch), U20 modulates each bit of the words 
into audio tones. The words are sent via the pin 
9 TXCARR (Transmit Carrier) line to pin 3 of U26 
and referenced to VREF (one-half of the VDDF 
supply, or 2.5 Vdc) through R60. As shown in 
Figure 3-10, four frequencies can be sent to U26 
depending on a one (mark) or zero (space) 
condition, and the mode that the modem is in 
(originate or answer). 

At pin 3 of U26, the transmit signal is filtered 
of all its harmonics. The filtered, fundamental 
mark or space frequency is sent to the TXO 
(Transmit Output) line at pin 3 of U26 where it 
is ac-coupled through C20 and R54 to the pin 15 
A- summing amplifier input of U26. At the pin 16 
AO output of U26, the signal passes through 
duplexer U30 at pins 2 and 1, to pin 3 of 
isolation transfor Tl , and then out on the 
telephone line. 
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Figure 3-10. Originate/Answer Modem Frequencies (Bell 103). 
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Receive data signal from pin 3 of isolation 
transformer Tl appears at the pin 6 input of 
duplexer U30. The signal passes through U30 at 
pin 7 to the pin 13 RXI (Receive Input) of U26. 
At U26, the receive frequencies are detected, 
corresponding to the mode the filter is in at pin 
12 (originate or answer), filtered, and sent to 
pin 14 RXO (Receive Output) of U26. The filtered 
receive data signal is then ac~coupled to the pin 
3 input of U25. U25 performs two functions, the 
first of which is to pass any frequencies between 
189 Hz and 7 kHz. The bandpass filter is 
composed of R6 1 , R6 2 , C26, and C27. The second 
function of U25 is to square up the analog signal 
coming from RXO. U26 is supplied power by VDDF 
(VDD Filtered) at +5 Vdc and grounded at VSS. 
Since the dc bias of the analog signals coming 
into U26 are different from those of U24, all 
analog signals are referenced to an analog ground 
set by VREF (Reference Voltage) at pin 5 of U26. 
VREF is +2.5 Vdc, or half of the supply voltage 
VDDF. VREF is tied to VAG (Analog Ground 

Voltage) . 

The output of U25 at pin 1 sends a logic-level 
square-wave to pin 1 of U24, RXCARR (Receive 
Carrier), whereupon they are demodulated and 
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converted to a serial bit stream. The data is 
then sent on the RXD (Receive Data) output to the 
MRX (Modem Receive) input at pin 8 of the tape 
gate array, where it is channeled to the CPU at 
U20. 

To ensure data integrity through the modem, the 
data carrier from the modem on the telephone line 
is constantly monitored. The carrier signal is 
sent from the pin 14 RXO output of U26 to the 
input of a low-pass filter at U27. The pin 7 
output of U27 only passes frequencies that are 
below 2500 Hz. That output is sent to a level 
detector at pin 3 of U27. If the level of the 
carrier is over 250 millivolts, pin 1 of U27 goes 
low as DCD- (Data Carrier Detect) to pin 31 of 
CPU U20. This level of 250 millivolts is the 
minimum required level for reliable performance 
of the modem. If the carrier level is below 250 
millivolts, DCD- will stay high to the CPU and 
thus will not permit operation of the modem. 
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Tape and Audio Circuits 



The tape and audio circuits control the tape and 
head motors on the tape transport, tape counting, 
recording and playback of both voice and data on 
the tape, multiplexing of multiple audio sources 
to multiple destinations, and amplification of 
the audio source to the speaker. The block 
diagram for the Tape and Audio circuits is shown 
below as Figure 3-11. 
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Figure 3-11. Tape and Audio Circuits Block Diagram. 
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Tape Motor Control 



As shown on page x of Figure 3-3, The control 
circuitry for the tape motor operates in four 
modes: rewind, fast forward, play, and stop. The 
tape gate array decodes commands from software to 
generate the control signals to operate the tape 
mo t o r • 

Rewind, Fast Forward, and Stop Modes. When the 
tape motor is in the rewind and fast forward 
modes, four transistors at Q9 , QIO, Q31, and Q32 
provide power for the motor. Also, when the play 
mode is in progress, a tachometer provides 
feedback to the motor control circutry to 
regulate the speed of the tape motor. When the 
tape motor is stopped, Q9 , QIO, Q31, and Q32 are 
all turned off. 

Transistors Q9 , QIO, Q31, and Q32 provide power 
to the tape motor in the fast forward and rewind 
modes and are configured in a standard "H" 
design. When the fast forward mode is selected, 
the tape gate array sets the FFWD- (Fast Forward) 
line low to the base of Q31 and the FWD (Forward) 
line high to the base of QIO. Q31 then supplies 
current to the tape motor through the TMTRl (Tape 
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Motor 1) line and QIO provides a ground return 
for the circuit. When the rewind mode is 
selected, the tape gate array sets REW (Rewind) 
high to the base of Q32 and REW- (Rewind-) low to 
the base of Q9 . Q32 provides current to the tape 
motor through the TMTR2 (Tape Motor 2) line and 
Q9 provides the ground return. 

Play Mode. When the play mode is used, Q8 turns 
on to provide a voltage ranging from 1.25 - 2.0 
Vdc to Q31 to control the speed of the tape 
motor. The control for this servo circuit 

originates at a frequency generator located on 
the shaft of the tape motor. The frequency 
generator supplies a sine wave whose amplitude 
and frequency are proportional to the shaft speed 
of the tape motor. The output from the frequency 
generator arrives at the pin 5 input of peak 
detector U28 as FG (Frequncy Generator). The 
negative peaks of FG are detected and stored at 
C35, then fed to pin 2 of U28. The pin 3 input 
of U28 is driven by a 1.25 Vdc voltage reference 
supplied by zener diode CR25 through an 
adjustment potentiometer at R92. The CR25 

voltage reference is powered by a 3.0 Vdc 
regulator at Q6 and Q7 from the switched 4-B 
(Battery) supply. R92 is set up by placing a 

Workslat e Hardware and Service Manual 
First Draft Theory of Operations/Tape and Audio Circuits 

Page 4 



cassette, prerecoded with a 1 kHz sine wave, into 
the tape transport and monitoring the data output 
at pin 7 of U44. R92 is adjusted until the 
output Is exactly 1 kHz. The result at pin 1 of 
U28 is the error voltage sent to Q8 , which 
controls Q3 1 during the play mode. 

Transistor Q5 disables the servo circuit when the 
fast forward or rewind modes are used. When the 
PLAY signal from the tape gate array is high, it 
turns on Q5 , which charges C35 up to the +5 Vdc 
VDDSW (VDD Switched) power level. A charge this 
high on C35 and sent to pin 2 of U28 means that 
the tape motor is running too fast. In this 
case, pin 1 of U28 turns off, which keeps Q8 off, 
leaving FFWD- from the tape gate array in control 
of Q31. 

Head Motor Control 

Control of the head motor is performed by four 
transistors, Qll through Q14. Q12 and Q14 

operate in response to a control signal from the 
tape gate array, HMON (Head Motor On), to turn 
the head motor on and off. Transistors Qll and 
Q13 apply an electronic brake to the head motor 
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to stop it quickly when it arrives at its 
position against the tape. The control signal 
from the tape gate array used for this purpose is 
HMBRK- (Head Motor Brake). 

The head motor runs in one direction only. To 
position (load) the head against the tape, the 
tape gate array turns the head motor on with HMON 
through transistor Q13. Q13 drives Qll, which 
provides current to the HMTRl and HMTR2 (Head 
Motor) lines. When the head motor is in 

position, a switch located on the head carriage 
mechanism opens. The signal is sent to pin 51 of 
the tape gate array as HPOSW (Head Position 
Switch).' When the tape gate array gets the 
indication that the head is in position, it drops 
the HMON line and sets HMBRK- low. HMBRK- turns 
on Q13, which drives Qll to brake the head motor 
by grounding its windings. 

When the head is unloaded, the tape gate array 
expects that the head position switch is open. 
The tape gate array then runs the head motor 
until it gets an indication that the head 
position switch has closed, which it will do when 
the carriage gets to the other end of its travel. 
The tape gate array then applies the brake. 
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Tape Counter 



A measure of the tape position is given by the 
tape counter circuits. Attached to the back of 
the takeup reel on the tape transport is a hub 
with four sets of alternating shiny and dark 
surfaces, A phot ot ransistor , in conjuction with 
an LED, detects the shiny surfaces and sends this 
data to transistor Q15 as a sine wave. Q15 
alternately saturates or turns off, thus 
amplifying and sqareing the sine wave. C40 is in 
the Q15 circuit to remove sharp transis tions . 
The output of Q15, TCTR (Tape Counter) is sent to 
the pin 6 of comparator U25, which provides a 
logic-level signal at its pin 7 output to pin 20 
of the CPU as NMI- (Non Maskable Interrupt) , and 
to pin 52 of the tape gate array. 



Tape Data Read/Write Circuits 

The tape data write circuits are composed of 
transistors Q21, Q22, and Q23 while the tape data 
read circuits are composed of U44, U34, and U35. 
The two data tracks on the tape (one for each 
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side) are located on the two inside tracks of the 
tape. Any edge damage that may occur to the tape 
cassette will not affect data integrity. 

Data Recording. To record data on the tape, the 

gate array sends two signals containing the data 
to the tape data write circuits, RECl (Record) 
and its complement, REC2 . RECl or REC2 can never 
be on at the same time. Transistor Q21 turns on 
when RECl is low. Q21 drives Q23, a constant 
current source, which generates a flux change on 
the tape in the negative direction through the 
DATAHD (Data Head) line to the tape head. REC2 
turns on Q22 to generate a flux change on the 
tape in the positive direction. 

Data Playback, Data that has been previously 
recorded on a tape is read back on the DATAHD 
input to pin 3 of amplifier U44. The first stage 
of U44 sends the data signal from its pin 1 
output through capacitor C63 to the second stage 
of amplification at pin 6 of U44. C63 
differentiates the data signal to convert the 
analog peaks to zero crossings. At the pin 7 
output of U44, the data signal at 2 V peak-to- 
peak level and is fed to the pin 2 input of 
comparator U35. U35 provides some hystereis 
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generated by R167 and R170 at its pin 3 input. 
Capacitor C66 at pin 2 of U35 removes high 
frequency noise from the data signal. The output 
signal at pin 1 of U35 swings from a +5 V peak to 
a -5 V peak. Resistors R172, R173, and R174, and 
diode CR62 converts the signal to a CMOS logic 
level, which is applied to pin 2 of U34. The 
first half of U34 at pins 1, 2, and 3 of U34 
inverts the data signal and applies it to pin 5 
of U34. The data signal is also sent to pin 6 of 
U34 but it is delayed through resistor R175 and 
capacitor C69. This second half of U34 at pins 
5, 6, and 4 functions as an edge detector to 
provide a positive pulse at every transition of 
the data signal. The result at pin 4 of U34 is 
applied to the tape gate array as RDTA (Read 
Data) • 



Tape Data Format and Separation 

Data written on the tape comes from the pin 15 
CPU serial channel CTX (Channel Transmit) line to 
pin 12 of the tape gate array. The data is 
transmitted as asynchronous 10-bit words, with 
each word containing one start bit, eight data 
bits, one stop bit, and no parity. Inside the 
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tape gate array, the data are converted to a 
format suitable for writing on the tape. A 
Frequency Modulation (FM) technique is used to 
encode data on the tape at 2.4 kHz. The rules 
for FM encoding are as follows: 

o A flux change ( t ransis t ion) occurs at every 
2.4 kHz clock edge. 

o If a zero is written, another transistion 
occurs at the mid-cell position. 

The 2.4 kHz clock generated in the tape gate 
array is shown as the top waveform in Figure 3- 
12. An example of data written on the tape is 
shown below the clock waveform, and the resulting 
FM code is shown below that. Notice from the 
code waveform that, even if a long string of 
zeros occurs in the data wave form, a low dc 
component does not have to be written on the 
t ape . 
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Figure 3-12. Tape Data/Clock Separation, 
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As discussed above, the tape gate array supplies 
two signals to the tape data write circuits, RECl 
and REC2 , to write the code waveform on the tape. 
RECl and REC2 writes a waveform similar to the 
one identified as E in the figure. 

When the data is read back from the tape, the pin 
4 output of U34 detects the edges of the analog 
waveform written on the tape an applies this 
waveform to pin 56 of the tape gate array as RDTA 
(Read Data). At the tape gate array, the data is 
separated from the 2.4 kHz clock and sent to the 
CPU via U21's pin 21 CRX (Channel Receive) line. 

Because the data stream coming from the tape is 
subject to motor speed variations, a Voltage- 
Controlled Oscillator (VCO) at U19 is used to 
lock the speed of the data separation circuitry 
in the tape gate array to the speed of the actual 
data stream being read from the tape. 

Pin 4 of U19, SIGNAL, is sent from the tape gate 
array as the actual data stream being read from 
the tape, except that the zero pulses have been 
removed. In the VCO, the frequency of SIGNAL is 
compared to COMPIN (Comparator Input) at pin 3 of 
U19. COMPIN is the locking signal originally 
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provided by pin 4 VCO (Voltage-Controlled 
Oscillator Output) of U19 to the tape gate array, 
except that it is divided by eight inside the 
tape gate array. When the phase of these two 
signals are compared, the resulting error voltage 
is sent through a low-pass filter made up of 
R201, R202, C80, and C81 to the VCO input at pin 
9 of U19. The error voltage adjusts the output 
frequency of the VCO at pin 4, and thus adjusts 
the frequency at which data is separated from the 
clock in the tape gate array. 

Audio Recording Circuits 

Audio can be recorded on tape from two sources, a 
microphone or the telephone, A multiplexer 
controlled by the tape gate array selects the 
source for recording. Recording is performed 
using a standard method, where the audio waveform 
is mixed with the output of a bias oscillator and 
applied to the audio tape head. Also, since a dc 
erase technique is used, a complementary dc 
signal must be recorded to negate the effect of 
the erase head on the tape. The two audio tracks 
are physically located at the outside edges of 
the tape. 
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Record Mode. As shown on page x of Figure 3-3, 
transistors Q18 and Q19 are turned on by a low 
AUD- (Audio) from the tape gate array when the 
record mode is selected. Q19 turns on Q20 to 
supply (along with Q18) power to a 40-kHz bias 
oscillator at Q17. The output at the collector 
of Q17 is sent to the tape head AUDIO HD (Audio 
Head) line through L2 , C54, R143 , and R240. 

Microphone Circuit. As shown on page x of Figure 
3-3, the microphone circuit consists of a 
microphone and two gain stages. The output of 
the microphone is applied to pin 6 of the gain 
stage at U46 where it is amplified and sent to 
the next stage at pin 2 of U46, The resulting 
amplified waveform is applied to pin 13 of record 
multiplexer U39. If an external microphone is 
used at microphone jack J5, the internal 
microphone is disconnected from the circuit. 

Record Multiplexer. At the record multiplexer 
U39, if MTT- (Microphone To Tape) at pin 14, PTT- 
(Phone to Tape) at pin 8, and AUD- (Audio) 
control analog switches within the multiplexer. 
When the microphone circuit is used as the audio 
source for tape recording, the audio waveform 
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from the microphone Is sent to another gain stage 
at pin 6 of U42 through U39's pin 11 output. The 
pin 7 output of U39 is sent through R140 and L3 
to the audio head via the signal AUDIO HD. If 
PTT- is used as the audio source, MTT- is high at 
pin 14 and PTT- is low at pin 8. The telephone 
input to U39 is from the signal PHONE OUT 1 
(Phone Output 1) and is discussed below. 

At all times during the recoding process, AUD- is 
low at pin 7 of U39. As described above, AUD- 
from the tape gate array turns on power to the 
bias oscillc.tor during tape operation. AUD- also 
enables a summing dc bias from pin 6 of U39 to be 
added to the audio source output at pin 11. The 
dc bias is provided by R127, R128, and R130 to 
negate the effect of the dc erase head. 

When recording is not taking place MTT- , PTT- and 
AUD- are high. A high AUD- also removes power 
from the bias oscillator through transistors Q18, 
Q19, and Q20 so that no signals from the 
recording circutry can pass through to the audio 
head . 

Audio Playback Circuits 
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As shown on page x of Figure 3-3, audio from the 
AUDIO HD line is coupled to transistor amplifier 
Q52 through capacitor C73 when the play mode is 
selected. At the collector of Q52, the output is 
sent to two more gain stages at pin of U45 and 
then pin 7 of U45 where the audio signal has a 
voltage of 1.0 to 2.0 V peak-to-peak. From pin 7 
of U45, the audio signal has two paths that it 
can take, the telephone multiplexer at U40 or the 
speaker multiplexer at U41. 

Telephone Multiplexer. At telephone multiplexer 
U40, the audio signal from the tape appears at 
pin 13. It is switched to the pin 11 output by 
the TTF- (Tape to Phone) control signal from the 
tape gate array. From pin 11, the output goes 
through a gain stage at pin 1 of U43 and is sent 
to the telephone circuts as PHONE IN. 

Two other audio sources for the the telephone 
pass through U40. The first is the microphone 
output from pin 1 of U46 at pin 9 of U40. MTP- 
(Microphone to Phone) is the control signal from 
the tape gate array used to select this input. 
The second audio source is the tone output from 
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pin 23 of the real-time clock, U21 at pin 6 of 
U40. TNTP- (Tones to Phone) is the control 
signal from the gate array which selects the tone 
input. When the telephone is not being used, 
OFTP- (Off To Phone) is sent low by the tape gate 
array to turn off U4 1 ' s output. 

Speaker Multiplexer. At speaker multiplexter 
U41, the audio signal from the tape appears at 
pin 13. When low, the TTS- (Tape to Speaker) 
control line from the tape gate array sends the 
the tape audio to the pin 11 output of U41. At 
pin 11 of U4 1 , the tape audio is sent through a 
gain stage at pin 7 of U43 and sent to the audio 
amplifier circuitry described below. 

One of two other inputs to speaker multiplexer 
U4 1 are the telephone output to the audio 
ampliflier at pin 9 of U41. The telephone 
output, PHONEOUT 2 comes from pin 7 of U30, part 
of the audio duplexer circuit. The signal PTS- 
(Phone To Speaker) at pin 8 of U4 1 is used to 
select the telephone output for the audio 
amplifier. The other input to U4 1 is the tone 
output from pin 23 of the real-time clock, U21 at 
pin 6 of U41. TNTS- (Tones to Speaker) is the 
control signal from the gate array which selects 
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the tone Input. When audio output is not being 
used, OFTS- (Off To Speaker) is sent low by the 
tape gate array to turn off U40's output. 



Audio Amplifier 



Power amplifier U48 is used to amplify the 
selected signal from the speaker multiplexer, 
U41. U48 is powered by the -12 Vdc switched 
power supply VEESW and can provide a gain factor 
of about 20 at its pin 5 output. Before the pin 
3 input to U48 is the volume control, 
potentiometer R217. The control lug of R2 allows 
the user of the Workslate to control the input 
level to pin 3 of U48. R222 , R223 , and C92 after 
the pin 5 output of U48 are required to keep the 
amplifier stable. The output of U48 then passes 
through the earphone jack at J6 and to the 
speaker as SPKR. The return line for the speaker 
is SPKRGND (Speaker Ground). If an external 
speaker is plugged into J6, the internal speker 
connections are opened. 
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Power Supplies 



The power suppies in the Workslate operate in two 
modes: Normal and Standby. 

In the Normal mode, almost all of the circuits in 
the Workslate are powered by the two main power 
supplies, VDD ( + 5 Vdc) and VEE (-12 Vdc) . VDD 
and VEE supply all of the power required by the 
circuitry, and power other sources of power 
within Workslate. VDD and VEE are generated from 
power supplied by a battery pack or a recharger 
plugged into the wall. 

In the Standby mode, the VDD and VEE supplies are 
turned off. Another standby regulator operates 
the VDC and VDR power supplies to power the RAMs , 
real-time clock, tape gate array, and the CPU. 
All other circuitry within the Workslate is 
turned off. The standby regulator operates only 
as long as the battery pack can provide at least 
3.0 Volts. Below that point, the VDC power 
supply is turned off and only the VDR power 
supply, powered by two button cell batteries, 
remains to preserve the content of RAM. 
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As shown in Figure 3-13, the Power Supplies Block 
Diagram the power supply circuits are composed of 
the following circuits: 

o recharger and recharging circuit 

o main power supply switch 

o VDD and VEE (Normal) power supplies 

o VDC and VDR (Standby) power supplies 

o battery sensing circuits 

o switched and filtered power supplies 

During the following component-level discussion, 
refer to Figure 3-3, the Main Logic Board 
Schemat i c • 
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Figure 3-13. Power Supplies Block Diagram. 



Morkslate Hardware and Service Manual 



First Draft Theory of Operations/Power Supply 

Page 3 



Re char gl ng CI r cui t 



On page x of Figure 3~3, transistor Q33 operates 
in the linear mode to provide a constant 100 mA 
current source for recharging the battery pack. 
Q33 operates only when R247 is shorted to ground 
by the rechargable battery pack. If a set of 
nonr echargable batteries is installed, R247 will 
never short to ground. When R247 is grounded, 
two diode voltage drops occurs across CR42 and 
CR43, and roughly one diode voltage drop across 
the pair of 12 ohm resistors, R248 and R249 . 
This results in a continuous charging current of 
about 100 mA , regardless of the recharger voltage 
or the rechargeable battery pack voltage. The 
recharger output voltage is about 8 or 9 Vdc 
under normal load and no less than +6 Vdc under 
800 mA load. 



On/Off Circuit 

To turn the power supply on and off, STBY- 
(Standby) from the tape gate array goes high to 
drive Q36 , which in turn drives Q35, the main 
power switching transistor for the power supply. 
Q35 switches +BU (Battery Unswitched) from the 
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recharger or the battery pack to +B (Battery 
Switched) to supply current for the various low- 
power components in the power supply. In some 
places, note that +BU is used instead of B+ when 
relatively high current values are required. 
Those components that use +BU directly cause no 
current drain when +B is off (STBY- is low). 

VDD and VEE Generation (Normal Mode) 

To generate the VDD ( + 5 Vdc) and VEE (-12 Vdc) 
power supplies, square-wave generator U38 
supplies a 38 to 40-kHz square wave for the power 
converter circuits. USS's output at pin 7 is 
clamped to +5.6 V by zener diode CR3 . CR3 also 
eliminates mos t of the 60 Hz ripple present at 
the recharger's output. If the ripple is not 
removed at this point, it will eventually impose 
itself on the VDD and VEE supplies. If the 
Workslate is operated from the battery pack, the 
square wave peak voltage will be less than 5.6 V 
so that CR3 will never conduct. However, there 
will also be no ripple imposed on the square wave 
since the recharger is not in the circuit. 
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The pin 7 output of U38 is sent to three places, 
first through R264, C103, and C104 to be turned 
into a sawtooth wave. Secondly, an inverted copy 
of the sawtooth wave is generated at R272, C106, 
and C105 through the inverter at Q53. These 
components also help eliminate 60 Hz ripple. The 
sawtooth waves both have a voltage level of from 
50 to 100 mV peak-to-peak., and also contribute 
to the elimination of 60 Hz ripple. The sawtooth 
waves are ac coupled to a reference voltage of 
+ 1 .235 Vdc generated from -f-B by zener diode CR50. 
The result at pins 2 and 5 of the comparators at 
U36 is that of the sawtooth wave riding on top of 
the reference voltage. At the complementary 
inputs of the comparators are sample voltages of 
VEE at pin 1 of U36 and VDD at pin 6 of U36. 

The outputs of the comparators at pins 1 and 7 
generate pulses having a width proportional to 
the amount of time that the sawtooth wave is 
greater or less in amplitude to the sample 
voltage. For example, if the sample of VDD at 
pin 6 of U36 is too high in amplitude when 
compared with the reference at pin 5, the pulse 
width appearing at the pin 7 output of U36 will 
be shorter, since the amount of time that the 
sawtooth wave is greater than VDD is less. In 
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this way, the comparators at U36 control pulse- 
width modulation to regulate the VEE and VDD 
power supplies. There is some compliance with 
power supply load or input voltage using this 
technique^ As the power supply load increases, 
the output voltage must decrease somewhat to 
increase the pulse width at the outputs of U36, 
In this circuit, a swing of usually 0.3 to 0.4 
Vdc can be expected from a no-load, best-case 
situation to a full-load, worst-case situation. 

From the pin 7 output of U36, VDD is generated 
through transistors Q34 driving Q42, which 
switches inductor L5 to ground. When Q42 is on, 
energy from +BU is stored in L5 • When Q42 is 
turned off, the side of L5 closest to Q42 swings 
positive. The energy at L5 is coupled through 
cm and rectified by Schottky diodes CR47 and 
CR48, and turned into +5 Vdc at the plus side of 
C113. Inductor L7 and capacitor C126 filter high 
frequency noise at the output. Clll is included 
in the circuit to prevent a direct current path 
to the output, since the recharger can have a 
voltage of as high as +12 Vdc. 

From the plus side of C126, VDD is sent directly 
to the circuits that are powered when the 
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Workslate is on. The +5 Vdc from VDD Is sent to 
steering diodes CR56 and CR59 to the VDC and VDR 
power supplies. These other two +5 Vdc power 
supplies power certain parts on the Main Logic 
board even when VDD is off. They are discussed 
below under "VDC and VDR Generation." 

The -12 Vdc power supply, VEE, is generated from 
the variable-width pulse at the pin 1 output of 
U36 in a manner similar to that of VDD except 
that, because VEE is a negative power supply, all 
of the components used to generate it are 
functionally inverted in the circuit. Q38 drives 
two parallel switching transistors, Q39 and Q40 
to switch inductor L6 to 4-BU. When Q39 and Q40 
turn off, the side of L6 closest to Q39 and Q40 
generates a negative voltage, which is rectified 
by CR49 and filtered by C107, L4 , and C127. VEE 
sent to the circuits that require it, and is 
sampled at R276 to be sent back to pin 3 of U36 
as a sample voltage. 

The third place that the pin 7 output of U38 (the 
square-wave generator) is sent to is the pin 3 
clock input of flip-flop U37 . U37 provides a 
clamping mechanism for the outputs of the 
comparators at U36 , so that they have a maximum 
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duty cycle of 50 percent. Also, since the Q and 
Q- outputs of U36 are 180 degrees out of phase, 
the VDD and VEE power supplies generate their 
outputs on alternate cycles. 

U37 divides the 38 kHz square wave from U38 by 
two to 19 kHz. The Q output of U37 drives 
transistor Q41 to clamp the pin 7 output of U36 
to ground on every other sawtooth appearing at 
pin 7 U36. Therefore, pin 7 of U36 can drive Q34 
(and thus Q42 and L5) only on alternate cycles. 
During the time that pin 7 of U36 is clamped, the 
pin 1 output of U36 is allowed to drive Q38 (and 
thus Q39 , Q40 , and L6) . 

U37 also helps the power supply start when the 
Workslate is first powered up, by limiting the 
duty cycle of the comparator outputs of U36 to 50 
percent. When VDD or VEE is at 0 volts, all that 
the comparators in U36 see is a very low voltage. 
To compensate, the comparators generate an output 
with a 100 percent duty cycle in an attemp to 
raise the voltage. This will not only fail to 
raise the power supply voltage but will damage 
Q42 (VDD) or Q39 and Q40 (VEE). Therefore, U37 
is necessary to allow a maximum of half-on, half- 
off operation for the VDD and VEE power supplies. 
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Capacitor C114, connected to the pin 3 and pin 6 
inputs of U36, ensures isolation between the 
regulation functions of VDD and VEE provided by 
U36. In addition, C114 allows VDD to come up to 
its operating voltage first, when the Workslate 
is powered up. The VEE power supply then 
follows. This reduces the turn on surge current 
required from the battery pack or the recharger. 

VDC and VDR Generation (Standby Mode) 

As was mentioned above, VDC and VDR still power 
certain parts of the Workslate when it is in the 
Standby mode. While the battery pack has 

adequate power, VDC and VDR supply power to the 
tape gate array at U29, RAM, the real-time clock 
at U21, and the CPU at U20 to preserve memory and 
provide the on/off function. If the battery 
pack's output goes below about 3.0 Vdc or the 
battery pack is disconnected, two alkaline button 
cells at B2 provide only VDR, which preserves the 
content of the RAMs for up to a year. 

When the Workslate is turned off, a low-power 
switched regulator composed of Q44, Q45, and Q46 
provides about 3.0 Vdc to keep some circuits in 



Workslate Hardware and Service Manual 



First Draft Theory of Operations/Power Supply 

Page 10 



the Workslate powered. This requlator eliminates 
the need to keep the VDD generation circuits 
active, thus reducing the standby power 
requirements of the Workslate substantially. Q45 
and Q46 are a differential transistor pair 
driving Q44 from +BU. The zener diode at CR53 
provides the 1.235 Vdc voltage reference for Q45 
through Q43. From the collector of Q44, about 
3.5 Vdc is sent to the steering diodes at CR57 to 
supply VDR, and CR60 to supply VDC. Roughly 0.5 
Vdc is dropped across the diodes to the output of 
VDR and VDC. Note the capacitors at C119 and 
C130 on the VDR outputs, and C122 and C131 at the 
VDC outputs. These capacitors absorb transient 
voltages when the power supplies start up and 
prevent a situation in which they momentarily can 
become acutely current-limited upon start up. 
Without the capacitors, the momentary lack of 
adequate current can cause data to be lost in the 
RAMs . 

When the battery pack's voltage drops to about 
3.0 Vdc, Q43 turns off the regulator to avoid 
damaging the battery pack. One last circuit is 
available to power the RAM when the battery pack 
voltage either gets too low or the battery pack 
is pulled out of the Workslate. Composed of 
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transistors Q47, Q48, and Q49, the regulator 
draws power from two 90 mA/h alkaline cells at 
B2, Q49 stays saturated and keeps the regulator 
off anytime that +BU is above 3.0 Vdc, meaning 
that the battery pack and its regulator is still 
operating. Just before Q43 turns off and 

disables its regulator, Q49 turns off and turns 
on Q48 and Q47. Up until this time, +BU has kept 
C118 charged. C118 will discharge through Q48 
and Q47 to keep VDC at 3.0 Vdc for about three 
minutes, which gives the owner of the Workslate 
enough time to install another battery pack or 
set of alkaline batteries before VDC goes away 
completely. After three minutes, Q48 and Q47 
turn off and B2 powers VDR at 3.0 Vdc through 
steering diode CR55. 

On page x of Figure 3-3, Q25 and Q26 prevent 
outputs from devices that are powered in 
Workslate's Standby mode from sinking current 
into the inputs of unpowered devices. When 
Workslate is on, that is, when VDD is at +5 Vdc, 
Q26 is on and the decoder gate array can select a 
RAM by pulling its CSRAM- line low. This 
reverse-biases diodes CR63 through CR70 and 
allows Rl 4 through R2 1 to act as pulldown 
resistors to cause the selection. In Standby 
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mode, Q26 goes off, which causes R14 through R2 1 
to act as pullup resistors through R179 connected 
to VDR. This reverse-biases CR63 through CR70 so 
that the pull-up resistors will not leak current 
back into the CSRAM- output of the decoder gate 
array. Q25, diodes CR71 through CR74, R208 
through R210, and R22 operates in a manner 
similar to that of the Q26 circuit except, that 
they operate for the CSTAPE- and CSRTC- inputs to 
U13. Also, the power supply for the Standby mode 
is VDC. 



Power Sensing 



The tape gate array has the ability to sense the 
voltage of the button cells at B2 and the battery 
pack or recharger. This sensing circuit is made 
up of two comparators at U33 and two transistors, 
Q50 and Q51. Q50 and Q51 are used to minimize 
the amount of power required to operate the 
circuit and are normally off. When the tape gate 
array sets RDB (Read Battery) high, Q50 and Q5 1 
turn on, enabling a sample of -f-BU and the plus 
side of B2 to appear at the pin 2 and pin 6 
negative inputs of U33, respectively. The 
positive input of U33 at pins 3 and 5 are tied to 
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the 1.235 Vdc voltage reference supplied by CR50, 
If the battery pack is low, pin 1 of U33 goes 
high as LMT (Low Main Tank). If the button cells 
are low, pin 7 of U33 goes high as LST (Low Spare 
Tank). LMT and LST are both sent back to the 
tape gate array. 

Switched and Filtered Power Supplies 

To preserve power in the battery pack, power to 
the tape and audio circuits is disabled when they 
are not in use. The circuit that does this is 
controlled by OFTS- (Off To Speaker) from pin 31 
of the tape gate array. OFTS- goes high anytime 
the software tells the tape gate array to enable 
a tape or audio circuit. A high OFTS- saturates 
Q60, which turns on Q55 and Q57. Q55 generates 
VDDF (VDD Filtered) required for the modem filter 
circuit U26, and VDDSWF (VDD Switched and 
Filtered). The filtering at L8 , C125, C172, and 
LI 1 remove high frequency noise that might be 
encounterd between the power supply and the point 
of use and also removes the residual switching 
noise from the power supply. Q57 turns on Q58 
and Q59, which generate VEESW (VEE Switched) for 
use by the tape and audio circuits. 
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The only other regulator used in the power supply 
of Workslate is Q54, a monolithic regulator, 
which generates VER at a maximum of 100 mA . VER 
is a -5 Vdc power supply and is fed by VEESW* 
The output of Q54 is also filtered by L9 and C59 
to generate VERF (VER Filtered), which is also 
referenced to the ground at the point of use. 
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X ape C o ii li I" e ~ i n p u c » T i o a y: e - c r i Q red N MI - 

( ji."v>n~rlaskal 1 e Iritermot) i.iput <it pin 20 of U..::Q 
f pnrt of cWl. Lapr.. counting cir'^uitry, Wheii 
jMI- Is taken Icv^ the Ui*lJ places the coi'.ter.ts of 
;iddrv"cucs !'^^*FCh aad I'l-FDh lato itG program 
counter ani exccuter. the tape co:.ntcr routine. 



Raal-Tiiue Clack 



:„ie Fxtach.. !ID14&C^3 r -ai Lice clock (liTC) at 
p-^ov'-des tl clock,, c; i€:ndc'rj .end alcrr fuiictlc-i£ 
fi^L the ".'orkslat e*> The zones gci.era te J for ^ a 
a yi e r are c 1 9 o g c e r a t e d by L 2 1 * U 21 pi o Ides 
5 b y tec of R ^ J 4 of x-f. . i c h a re usee t c: ?: t g r e 
tuning 5 calc ^dar^ and aiarm data« T.;.c other 10 
hytes ;-re a^-a liable o the workslale for storage* 

RTC /Processor Cars®ar 1 ca t ioB « TVie real'-time clock 
Is -elected ^hex\ th:; d-iicoder gate array t L"29 
sets the CSRTC- line Irw a t 'p i n 1 3 c f U 2 1 * Or. ce 
seleCedj data is read froir. or writtea to U2P£ 
rap: ters an the i/03 through AD7 l-*nes on pfars 4 
to il of 112 1, respectively • From tlie CP's 
coEbiaation of i he E cloc'-. at the pin 17 DS *'Jita 
Strobed' input and the R/vJ-- ( ^ ead /Wr it: e) signal at 

FirsfEfLiif -l^l»l^B<ir^w^'^ re ant5 Service Manual 

^ t r t^^Jai^^^ e..^ n-^at S^II ^^^^^^ ETzoJ SjBtem 



t h t. p 1 li IS 1 n [ > u t nre u s a t o r a • ] or r i t ^-^ o a t :i 
i:rom or co IJ2 1. The ii3 (Address Strobe.^ inpui. at 
) i }-i 4 d i f f v^- r n F! r. i a 'i 'i' b o. c e a .u c'' d ■ • e s ; ■ r^i c d a t a • ^ 
the ADO th .;;;a Au'I line a. . (?t.ntcrr?pt 
:'?equ'::r5 r ) is oont to tue CP "J xihv 112! ;iiust gei" th3 
C?U*s auteivcion for any i;easoj» At. e^caiiip-le of 
U21 interrupting the CPU is whtir che si'igie 
ini:ernal aiarta timer er.pires^ Uhe» Ul 1 

iv.cer^:upts ':.ie CPU for <: r: r:?arm, tLe C?lJ seta the 
alarm timer In V2u for 'tli'i ne^rt o^laria to tsdie 
pi ace« The. Ii;.Q- ILiu- to tVi<?. is cicorad wi.cn 

t^.e CPU raac3 regi:}::ei C (cddr^:3s G34Ci.i) . 



z p i n 3 2 ' n ft \ of 
acci]. l^tcr L^de up of 
C8 and CI 4 5 , and ■;2 7 « 
p r o vi c e h e t -ne ha e 
and alarm f ^inct i ohj- . 



U21 Is a Sa.-^SS cryriial 
L r y J t ci. i \ 5 »c a r- o c '.i t -o r s 6 
The or.cillatoi: is as-:. I to 
for the cl.>ck, calendar^ 



'jo prev3nt da"a in r.he r e^.^ 1- 1 im?^ clock froi^ heln.g 
deB?:rryed up- ; a puv/e -up reset, ;£SET-^ i:',ne 

rt pin \8 of Ul 1 is tiod to the \'DC pcx^rer supply 
t!i rough n2 5 ^ T^'-is arraugenient rll-^ws U2 1 to be 
reset orl;; x:'".:ep tae bctte^^ies are first 
n s i' a 1 1 u d 5 or ttpor a cc Id start, wher the 1 • e r 
ins.-*rt£ a pcnci'? into rb ^ res-tt he '.e on tie bick 
o f: -be ui^ 1 1 * 



The Pn- vP',)WPi Ijeiise' in;;ui: at pin 22 of U!''i is 
tle.n tc V])C to dot iKwlfnt if ')2i 's Jl-ii'j ar/d t j liM* 
i r: o L"iua r. lev. Ic, in'cact . i^J- :i s t.ieci to the VKT 
IVnlid :iAM ad Tlri.j; bi : ^ rej^iotCir D (address 
QC^d;.;) of U::. I, Upjw a i-^ower-^p rc:s8s., the VRT 
bit it^ lo'^ to indicate to the CPU that the 
conta'.its o£ '2?'s RAK cannot be. guaranteed. When 
the VDC pew r supply rr.'t^es to full power, rod 
tb::: €Pm ^i:iues the t^roper information into li/. I'i^ 
FAM, the C"'- ' set 5 tba VET bit hifh« 



AU-io tied r ' VDC in the CK:'^J Input, iv'iich al-'\vs 
a 32 ^7 08 klh square ivave to appoir a pin 7:1 -^f 



U21 f( 



t. est a a r o s , 



The ETC30W . ^.il-'^inie Cioc^ Square :Jove) ,,tput 
at 'z±n 2.3 r^e n r a t e s the tones hc^j rd t'-^rotigri the 
•"leaker* The '-eqv.ency of RTG^Jny ir d^- 1 e r.ui ri'iicl 
by the vaiu-c* '.n re^, Ister A (cddress CC4Ah)» 'i.he 
RTQSQW i.;!tpiir is set: to tbe speaker raul t i r 1 e.>"e r 
at 1 and thn: tel^::;rhone multiplexer at U4 0, 



i d Cr;' s t c I Dl b ula y Co : t ro I le i 



.-s snown en pa of i'/ re 3-3, the '.C^j (Liquid 

C I y a L «M 1 D p i a y ) c u ' i l o Her . > t 1 1 1 x works in 
cci J uac 1 2 n v;.l':h tiie nl^^p^ay FlAh ci L Ul and the 
ainpiay ROl^ : t Ui2 to provide chari:cter d£ta for 
u^ie LCD parol. The CPU at U20 st^.-rea in the RAtl 
the c eqi:erjt:c.al -list of cuaractei' codes as thej 
aro. tu appear on the LCD panels The LCD 
coDtroiier sequentially readr> eacli RAM address 
t-j T>. c: , i n t II r Vi , i: s e s ;"2 a t d a i a t c- add res s a si g 1 e 
■'i-2:el llr:x3 of r. cbaractecs ot't of che ROM to be 
lifted to t'*ie co ..mn ^r"'.vers on the d±i>play. 

LCD £'is|>xay Organizut.'lca.: As sLown in Fi,f;'jre 3- 
5 J the dir, picy iticl-': 13 or^, i . zed as c-. poir of 
C-'^ --pixel by 2 7 6 - v ' xe 1 fiei-^js* Each c'lar.^cler 

-Its into ao eight-plxci by SiX^-pixel cell, whl .'b 
tlioretore aJlows both halv?,s of the display to 
cvncain a total c?, 16 rows^ viti: each i ow 
containing 45 caaracter-'" Since LCD cells are, 
in a c;ipacit:/e senst^,, similar to the elei&'-nts Ib 

'ynenic RAMc or the phosphor dots on the face, c 
a cathode r-ay tube, they must be refreshed at 
regular inte 'ii'val.s if they .?re to appear without 
f: J 1 ck.e r 1 r\:; . The re«Bcn for ::he top and bottom 
■J.*"l {-isplays is to aidresr. then separately l:o 
allow the duty cycle (or re^res'^ tJme) )' a<.y 
p 1 K e 1 t o h e i ' 6 r h of t h e t i iii e i r t a 1 e s to ^ ^ r t e 
:^ II rf tho pixel data intr thi] LCD :eiis. 




Top t)\6'jV^ 



t3 



Figssr'; 3-5.. LCD Ricplay Orga^'izatJ •■n. 
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i' !) e \ CI) CO ii >: CO 1. 1 e r a L IJ ? i wr t e s a fi e n Lire r ow 
(2/b bitci) of Go^rLal pixel .i ^9 1 a into the LCi^ 
pone]/"G coiumn drivc,»rs for tb'.t top nwd botto^^i 
"lalves of tho display Dofc^re going 01; i:o the next 
row* Di:. octuni3uy x:i:itcs one bit' tc the top half 
^^f the |>anel's coluuiii drivers and Hieu writes tie 
uext pixel bit in the same co..umn losltion xn the 
loTjer half of panel '^s column drivers, exactly 64 
pixel rowL <:"' -/n „ 



yhaii the l^:t ei haii Lr-sen written to the 

cc^'-vs^An drlv-' all 2/6 bits for both halves of 

the ui3pia are -^ner" to thefr co r r esponc' i o g 
positions c a row of ICD cells w At the sai/x^ 
ti:af^. J the T' driv.. rs are incremented by one and 
the ney^i row of plxeJ b^ty are iJ'lfwcd into t; a 
c ^lucn driver. . Therefore, 64 rows are written 
in each h.-^lf < . Lhe c'isplay before tb ,» contr-'^l- -'r 
>"^ets aro'Micl to ■■■^ri:ing tae first row of pixels 
::gain* This 1-2 v7h<.re the l/54th c'uty cycle 
figure corner froTr.« 



LCD Cor troller Operation. Th^-^ CPU ^-^ t u20 

communi ^'^ates with "Oil directly t/irough its ADO 
t :i r.....,r,b / ii? address and d^.ta lines when CSlISF"*- 
(from the decoJer gate array) is lovj at pin i5 of 
till* n20 writ -'S ills c ri' 1" ' 1 0''S ixi^.o the internal 
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registers ULi a lul AL.ClI (/'.merican Standard 

Code for Iti f o riaa t i v n ~. n L e r clia n g a ) character da^ia 
int^ t'Pe difo^ay KAM a I 'J i « The R,1 line (address 
JLjn-^ AO) at i-in 18 of .i: distinguishes between 
the instrurtlon artd dat i reci^tcrs inside Uli, 
The charar.teis written into Ui form aii ACCII- 
codec! "ir»age*' of tl-e characters displayed on the 
top and bottom aalves of the LCD panel. Uil 
addresses eav2h locnticn in 1)1 with the HA3 
thrcuga tlAiO memory a'idress li.ies* When CD'- 
(C';ip SGlecr.) i ^- cw c.i: pin 18 of UI, the 
frr-TD he RAM. appears on thci HDO through W^l data 
liueo to U:. « 



?I].G first by,-:; t-^r i t er> into Ul at address OCCO is 
the ASCII f-quivaleyit of the character that 
appc- irs on t'.e first row o;i the top half ot the 
I CD panel in the left-most character position. 
The n.'-'xt c-iaipcter code read from the 'lAM (this 
time for the ott^m ^lalf of the display) he s its 
address off-^^ei '^y 368 (i70h) , and appears as • a 
Jeft-tnost character on the ninth row* (The 
Dumber 36 8 is er.Bct"y ^'^rlf of the char.-'Cters 
allowed on th'3 panel •) Fextj, address OOCl is 
rea<'i^ which c<jrre6ponds to the ch<rac-er just i. o 
the right of the ffrst char<^ct^-*r od the first 
ro^-r. The LC^* controlli^ir u^ e3 these ASCII - codns 



^ ^a|1^ff "^"^^--^^gi^:^.i System 



a> add-ess.. s into trie dir. ploy v"<CM <it \^ I .-l to ] h( k 
up I he acti!al pi:: el pattern of ch^ c.ir racter;? c t> 
3 e vi G to L li e LCD p a n 1 . 



T. ^leu UIl readi^; on ASCII cl:ara;.ter cc-ie fro*a t/ie 
display RAM, it sets .lii luuerua^L Lh.:ea-bit ro«r 
zonvitdT* The thre^^. row b1 t j avQ appended to the 
.'^aracter code and used Pt s the address I'or the 
display R.M at U f. 2 • t^'itsrting fTom the first 
yixe.l on tha first line of the oisplay, the row 
c ou i t e r bits are all zero <. 

U..1 addres -es 1112 through the MDO rhroi^h ^11-'^ 
(:!c-.icry Do .c) linos cor r gs ond 1 n;; to Ul ' s A3 
tarou;./a AlC i-Idress lii:cs, ;..nd the MA12 through 
(iienory /iddi-:;ss) lines cc^r rec pond • ng to tlie 
AO through A2 eddress lirr^s* Data from the R'jH 
ap?>eats on UIj. "s I'^O through R07 lir.r-s ^vhe^'i C:7.- 
(Chi-j Lnable) js low at pin [8 of I) 1 2 t The 
display LAM l^ Ul .'jnd the display R"*M at ^12 are 
^ Itern.*'.: t ely selected by tlia flip-flop at I: I 7 . 



As the first line of t'ae first ch^iracter on the 
first row of the display 1:; read out of the 
display EO. , Ij I I feacs tho next 4Sr"lI chai-nrLer 
out of the RAH for th^-^ first liae oi tr.«- first 
ch.iracter o i) th ^ nin-n row of thn dispiay. Uli 



t h o n ad ci c esses c li e d i l i a y RO : 1 V o r L \\ c: t c hi) r a c t e r 
ci 1 J so c \'{ V u L I L t Si e f , u s t J i t\ e o all 46 
c n a r a c e e r . a e s n i i e ci i o t b e c v.. 1 u r; d r i v e i s 
for Ch',^ firfit :.nd ninuh ruTv; o?u clie di;.;)iay« At 
lhat Zivae^ Zwr^. row coumter iasiclc Uii iacxemencs 
to the next ror^ (Ool) and the B<>me ch^ju' b c !: c- r 
cedes arc f:;]^/.. .n ::ead out of the HAM* Uli 
addrecses th"; second row ol chatc, ccer data from 
ihe ROli u.'-'. in:3 ^^^^^ uiodii'led ac^dTess* Trls 
operation ?o -itl nuos unti? the c-^'splay is fully 
r e f r s e c! 



Liquid Gi-'ct.ai Display 



The two serial bit ^.treKfas, one for the to;-^ neli 
r f t''-e di,^i. , ;t and one for the bott'.'m haif^ ."re 
fje'M to t'le ].C!) pa.i'il coit^mn drlver^i^ as il and 
L 2 , ^ e p e c lively at o n . c c t c r J £> . D i 'D I , n d 
other s l^jia3 - Resit to th^i LCB panel throu;->h J 8 
a r e 3 s follow : 

Si gun 1 Be scrlp tioa 

FC I Frai'ne ground -f t o { owcr suppl:/) 

\DD 2 Vdc display S'jpply 

V S S 3 --1 2 V d c .i i s lay i u p p I y 



\ • } - 1 0 V d c d i .*3 1> I a y i> r -"^ 

( var [able; 

D 1 5 T o p 'J 'S } 1 '\ y \) i X e : '.at a 

FL'i 6 Frarna ayncUroni Jtion signal 

7 bottom d2fj%^lay pixel dcta 

MB G Square vjavc 

CLl 9 Display data ,1a ^ch cxock 

CL2 10 Displ.,./ da:;:a jjhifi: clock 

I'G li Frane grounl (to povxer si?ppl/) 



K o u e t :i a t V i s u p y 
COt)!T\ ;T p i: e i. t: i C). tf^. 
i: e i\ e r t i " o 1 c 7 f - < f 
angle at vjhich li;;ht i 
pel n e ?. « 



L;.ed -y QI through th# 

... - COIITRAST adjusJ:ir 

VO and thus adjusts the 
ti refl^cteJ from the ".CD 



LCD ColuEB Drivers « On tl:e LCi' Pi splay '^^oar^l 
(see Fi:;are 3-^6) ai e 14 MSi-fSS 3 9C ^".K coiumo 
drivers, seven for the top haJf of the I CD pauv-l 
('•4 thrcugh UIO) pv.d jevaa for the bottori half of 
I'le panel (IIll through ^'1;). Each cc..mc '.-^r.^-or 
cont^'-ol's ^'*-0 coluiinis of LCD cells at Its outputs 
n n d c o t a i n c a pa i r of 2 0 - b i t shift registers, 
two 20-"bit: laLchea., a le'^e:. shift ^r^ and 

0 f cu r level drlv^e^^s* V'^ xel data is shifted 



T-^..^ e.> ^| | | tiromr/B 1 -Xt a r^. "-'stem 



xati aiiJ 5hrou:.^h Gh»fL registers in tiie coxumo 
drivers on Di and D2 by th i CL2 dr-'ta i:>ltl;."t r.lock* 
I-' or e ?* in p 1 e a L t, h e p 1 v. <-) -4 D 1 input o .': u 4 , pixel 
data arrives at the pin il DLll (Dai.:! Input 1) 
input aiid ib Ghifteci by CL2 iihrciigh the fiLst 
bitn shift re:iister.^ ov.t through pin -64 t€ ^ 
pin 43 DI2 (Data luput 2) inputs thro-igh tlie 
second J.O'-bf.t shift re^y^icnox ^ and oat to the vievLt 
coluviii drivor at U5 « A total of 2 76 cycles of 
the CL2 cijck occur w':en the column driver?: are 
b^'inr; io.-.de.-l v:ii:h p-'-"-'i rlata* Simul t aneous . y ^ 
pixel data from tbo Dl. .liue of the LCD contrcixer 
is heiuj rMf':ed int') Uii through 133'^"* for tie 
bo'ctoiB half of tl e I par^'f^I^ Gti ?.e ^ le pixel 
artsL is lo^ded^ (Clock 1 ) the d^: ta latcVi 

clock makes a transiti^-i to parallel ici^d all 27( 
htm of pi .cl data, 5 r:'' i the ..itches ai '1 thus tc 
tha 4G-'bit leve". shii'L^r and dr:t^^':rs. Tbe 
pMrnt-s^^i o£- '.:\e f or i;- 1 e'^^'e I rivers and t* eir 
as.'iocir^ted '/oltajes is described bel:^w. 

LCD Row Dri'i^ers« On "zhe ri^^ht side C Figure 3-^ 
ar.fi two MS /"> 8 3 '^'GfiK r??.? dr fevers at Ui and U2 , one 
for €ac;> hr It of the ].CD paneie Bach row driver 
driveo 32 rows of LCI) ^-.e.lls at its outputs and 
C'jatains a p'":ir of 32"bit rhift registers, 32-- 
hit leval shifter 5 arid 'i? four --level d':ivers« 
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Each oZ ta ^ outpn.*;s of <J 1 and U2 go to two lCi) 
rovv coiMuctor.s on v. hi-^ 128 pin connector^ because 
wo r w i-j of p i x e \ s arc t u r n e i o a 3 £ .^3 f f at o o e 
time. / 5 ..".c frame syuch'sonxzati on sl'jn^l ^ is 
used £i J :he uat;- li.put for \Jl and U2« As Ciii 
-load^ the pixel data onto tne diGplcy from the 
coluran drivers, iz also shifts the FL:l bit -o-zer 
in tr.e Ul and U2 shift registers, thus r tanging 
the two ro'TG on the ulapley thi. t ^re active. 



In the LCD celis^ tie voitcgeis r-er.t from the rc;; 
ciHo colu.^in drivers ruin oi (darkf?n) or turn off 
(kocr; t ransp^'irent) t':e ce.l,* 



LCD Pixel Beha^'ioTo The LCD rriaterial iB 
liwiGLt' c! r.em.:tic typ:i* Tie natu al atete cf t: 
j'M'itcrLai Its twist-ed forii!, which appe£.i.s 

troLSoarent ^,o the ^^le^'er* WIran the ct^rrect 
d3 if e-^e '-cc c l' potential (-/oitage) is applied 
across the row and colufim metal Isat ion arer.s that 
define the. cexi^ the nemau"^c moiecii les line up 
vertically across the metailzatlon areas* causing 
a darkening effect «. The valtag'^s applied to the 
cisolay ori.^inate at a voltage divider aade t- -> of 
ri threngh R^. "'he ^-^oitageo V3 through pre 
buf fibred at UJ and Bent, ai.ng v:-ith VDD, to the 
four-level Jriver l^pu^'s o€ the x oi? and roIaiH^ 
drivers. 
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l'\g?ire 3-7 shows ^ I'oc one ^'^Jxel cell, th" 
V'O-ltages aopiied to the rc'^r driver 5 colsnnn 
Jxi\»er, and the riisulting pi::el voltage* "(he 
voltage .across tlie plrel ic a combicat.-on of "be 
row v:;ltage minus the column vclLaf^e* To carkeii 
t^e pixel, that is, to turn i rn, a volts.fp^e of 
vTDD - V5 is required* To leave the; pixel off„ 3 
^■^\ltEC'^ ^ ^- "^"^ rec'/irecK Mote -hat the 

'"off*" volta;je is below the threshold level 
re 4uired to tMrn the p/xel on^ 

Iti; l:"iQ row ind co-Tinn wavefc rrs , t;-fr con t roi 1 1 r?r; 
voir age fcr ^.he pixel 5 s r:uperiiipo'iec! ca a scucte 
wave<, l)ur2i\_, heir the time that a p-'xei ib. being 
refreshed, t h e s c u a r e v.? a e allows the c c n 1 r o i. ! i n g 
voltage to be n.OiJlci\*e« The f.ther rail" of the 
time the co^. troll,'.,'ag voltage is ne^,:t t j ve i/--e 
s'^r-are wc ^^o s t; -^.no rat ed by the M*' signal fr^iii 
thr-i -jCD controller /'cd is use*! to ensure; a oej. dc 
bias o.c 0 vol' -3 on ihe pixel cell* If a net plus 
r irfnus dc bias "'-^as alloved to exist it tbe 
CMII5 the Tuetalisat ion are^??- defJ-.lrg th^ cell 
><oi.ild ev^citual l}'^ be damaged t :-ir c ! . a plaUiri^; 
artloTj and the di^p'^ay would los^ cocitrast* 
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The period of the pulses that turn on the pixel 
correspond to the 69 Hz refresh rate of the 
display. On the row waveform in Figure 3-7, each 
pixel in every row position is refreshed one time 
between the leading edge of the positive pulse to 
the leading edge of the negative pulse, which is 
enountered the next time that the pixel is 
refreshed, about 14.5 milliseconds later. 

The width of the controlling pulses themselves 
are determined by the l/64th duty cycle of the 
display and the refresh rate. To refresh the 
display 69 times a second, the display data latch 
signal CLl from the LCD controller must load all 
of the pixel information into the column drivers 
and increment the row 64 times (0.23 
milliseconds) within the period of 14.5 
mi lliseconds . 

Decoder Gate Array 

As shown on page x of Figure 3-3, the decoder 
gate array at U13 provides device (chip) 
selection lines and read and write strobes for 
the various addressable devices within the 
digital system. U13 also acts as an buffer for 
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L h e a d r e s 6 and d u t ^ bu s h e s from the C? U ^ aid 
gejicrates RF/vD- and WRITE- strobes from tae CPU'« 
i.: ki 1 o ck a a d U , W - 1 i p e • 

Decoder C^lj} Select Outputs. The ceco'ler gate 
array decodes chip select lines by laonitorang the 
ADO through AD/ and A8 throui:ih A15 lines ^dien the 
AS (Address Strobe) line fron the GPU is hjgh* 
Th'?. chip selects are .;.g follcvs: 

T.hip Select Tji ct 1 c n 

CSRAhO- 'o RAH Cb.ip Selects. The e-.gat 

CSKAi:7- r.vcilabic RAM chip select iines 

CSRAKU- to CCRx^lM?- are at pins 37 
to 3 0, respectively. If 2K by 8- 
bit RAMs are used^ a.ll e?ght 
lines are i^ed to address a total 
of i6K bytes of da^a. If 8K 
8 -bit RAMs are used, only the 
first four lineo (CSRAIiO- throUt-n 
CSRAMS-) are used to address a 
total of 32K hyt-s of RAM* The 
TemB.5 nlug CSRA'^I-- i-"nes are always 
high. 
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CSR")Hl- to ROM Ck^in J>eiucts. The chreo 

OSROHi- available ROM chip seli^.ct linos 

CS:K)M0- to CSRr.M3- are at pins 
to 39, respectively. ROri 
addressing itself starts £t 
address 80C0h. The tar.e ROMs 
are 3 2K by 8 -bit types. Since 
32K-b:;tes of t/.e total adcres?; 
space is allocated to the 
coD^p3 ciTien t J and the ^vailable 
aiCdrt.. 3 3 rriu^e is G-vK bytes » the 
addresses of the ROHs overl^^p 
ea.:h other ai.d must therefore !e 
bank sc-^i^ched. Bank switching ±f 
perfor„/-ed by the BAKKA-- (Bank ) 
and BAMKB- (Bank B) lines fro" 
1 11 e CPU. Assuming that an 
adurb'.s higher than BOOOl- Is 
^5resent I'ae address lines from 
the CPU, when BAhKA- and GANKB- 
are high a:: pins 28 and 29^ 
respectively. CSROMO- goes low to 
select ROM 0 at (Note that 

CSROMO- is aix^?ays lev; when ' ab 
Wcrk&J.ar e is first turned on,) 
If BANKA- is low and BANKB-- is 
hig!, C'ROMl- goes low to select 
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ROMl.at U15. If BANKA- Is high 
and BANKB- is low, CSR0M2- goes 
low to select R0M2 at U16. 



CSKBDR- Keyboard Chip Selects. Two chip 

CSKBDW- selects are decoded for keyboard 

scanning. When CSKBDW- is low, 
the CPU writes a 1 to one of the 
eight bit positions in keyboard 
latch UIO. The CPU then sets 
CSKBDW- high and CSKBDR- low to 
read the contents of keyboard 
buffer U18. In this way, the CPU 
can determine which keys on the 
keyboard are being pressed. A 
complete keyboard scan occurs 
every 10 milliseconds. 



CSTAPERO- 
CSTAPEWO- 
CSTAPEWl- 



Tape Gate Array Chip Selects. 
Three chip selects are used to 
select functions inside the tape 
gate array; one for read 
functions, such as the tape 
counter input; and two for write 
functions, such as selecting 
motor control and multiplexer 
functions . 
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CSDTMFW- Dual-Tone Multi-Frequency 

Generator Chip Select. When 
CSDTMFW- is low, the CPU can 
write an eight-bit code into the 
DTMF latch at U23 corresponding 
to the tone it wants to send to 
the telephone circuits. The DTMF 
at U22 is used for tone dialing. 



CSRTC- Real-Time Clock Chip Select. 

When CSRTC- is low, it selects 
the real-time clock for a read or 
write operation by the CPU. 



CSDISP- Liquid Crystal Display Chip 

Select. When CSDISP- is low, it 
selects the liquid crystal 
display controller for a read or 
write operation by the CPU. 



Tape Gate Array 



The tape gate array at U29 provides control 
functions for several areas of the Workslate. 
The tape gate array: 
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o decodes control signals for tape and head 
motor control, tape sensing, and tape and 
audio source multiplexing, 

o provides encoding and decoding circuits for 
conversion of serial data to and from the FM 
(Frequency Modulation) format used for data 
recording on the tape drive, 

o controls power-up and power-down sequencing. 

o channels data received by the modem and the 
GPIO (General-Purpose Input /Output ) to the 
CPU. 



Control Signal Decoding. To decode control 
signals, the CPU addresses U29 (see page x of 
Figure 3-3) with the CSTAPEWO-, CSTAPEW1-, and 
CSTAPERO- chip select lines originating at the 
decoder gate array. The three chip selects 
control the selection of three registers inside 
U29 to provide the following signals: 



CSTAPEWO- 



em 



U29 Pin 



Function 



/ 



2 and 3 REW and REW- (Rewind). When high 

and low respectively, these lines 
set the tape motor control 
circuitry in the rewind mode. 



4 FFWD- (Fast Forward). When low, 
this line sets the tape motor 
control circuitry in the fast 
forward mode. 

5 PLAY- (Play). When low, this 
line sets the tape motor control 
circuitry in the fast forward 
mode . 



61 HMON (Head Motor On). When high, 

this line turns the head carriage 
motor on. 

- 62 HMBRK- (Head Motor Brake). When 

low, this line abruptly stops the 
head carriage motor. 



em 



63 AUD- (Audio). When low, this 

line turns on the audio recording 
circuits and also permits the 
record bias voltage to pass 
through the record multiplexer to 
be mixed with the audio source. 



64 ERASE- (Erase). When this line 

is low, it turns on the erase 
head on the head carriage. 



65 PTT- (Phone to Tape). When this 

bit is low, it allows audio from 
the telephone circuits to be 
recorded on tape. 



66 MTT- (Microphone to Tape). When 

this bit is low, it allows audio 

from the microphone circuit to be 
recorded on tape. 



67 FWD (Forward). This line, when 

high, is used in conjunction with 
the PLAY line to set the tape 
motor control circuitry in the 
play mode. 
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CSTAPEWl- 



029 Pin Function 

31 OFTS- (Off to Speaker). When 
OFTS- Is low, it turns off the 
power supplies associated with 
the audio circuitry (VEESW, VDDF, 
VDDSWF, and VER) and also 
disables the speaker multiplexer 
at U41 to the speaker. 

32 TNTS- (Tones to Speaker). When 
TNTS- is low, it permits the 
square-wave output from the real- 
time clock (RTCSQW) to pass 
through the speaker multiplexer 
at U41 to the speaker. 

33 PTS- (Phone to Speaker. When 
PTS- is low, it permits the 
PH0NE0UT2 line from the audio 
duplexer circuit to pass through 
the speaker multiplexer at U4 1 to 
the speaker. 
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36 TTS- (Tape to Speaker). When 

TTS- is low, it permits the 
output from the tape playback 
circuits to pass through the 
speaker multiplexer at U41 to the 
speaker* 



37 OFTP- (Off to Phone). When OFTP- 

is low, it disables the telephone 
multiplexer at U40. 



38 TNTP- (Tones to Phone). When 

TNTP- is low, it permits the 
square-wave output from the real- 
time clock (RTCSQW) to pass 
through the telephone multiplexer 
at U40 to the telephone. 



39 MTP- (Microphone to Phone). When 

MTP- is low, it permits audio 
from the microphone circuit to 
pass through the telephone 
multiplexer at U40 to the 
telephone . 



40 TTP- (Tape to Phone). When TTP- 

is low, it permits audio from the 
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tape playback circuits to pass 
through the telephone 
multiplexer at U40 to the 
telephone • 

43 RDB (Read Battery). When high, 

this line permits the level of 
the batteries to be read. 



CSTAPERO- 

U29 Pin Function 

46 Unused. 

47 Unused. 

48 LST (Low Spare Tank). When this 
input is high, the button cells 
are almost exausted. 

49 LMT (Low Main Tank). When this 
input is high, the rechargable 
battery pack (or alkaline cells) 
are almost exausted. 



50 



COUT (Can't find this one on the 
schematic, and I don't remember 
it being discussed. What is it? 



51 HPOSW (Head Position Switch). 
This input toggles to indicate 
that the tape read/write head is 
either at the top of its travel 
or is positioned aginst the tape. 

52 TCTR (Tape Counter). When high, 
this input indicates a tape count 
pulse. The CPU counts TCTR to 
determine tape position. 

Tape Data Encoding/Decoding* The role of the 
tape gate array in encoding and decoding data for 

tape recording and playback is discussed in the 
"Tape and Audio Circuits" subsection under "Tape 
Data Format and Separation." 
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Power Sequencing. Power-up and power-down 

sequencing is also performed by circuits in the 
tape gate array. The Workslate is in an off when 
the two major power supplies, VDD and VEE, are 
not running* When off, power required to retain 
the contents of RAM and several other functions 
is provided by the battery pack or recharger, 
which still operates the VDC and VDR power 
supplies. During this time, the tape gate array 
has power applied to it» 



When the user presses the ON/OFF key on the 
keyboard to power up the Workslate, the ON/OFF 
switch causes PB- at pin 44 of the tape gate 
array to go low. (Note on the schematic that the 
ON/OFF switch is not part of the keyboard matrix 
but is directly tied to the gate array input.) 
The tape gate array sets STBY- low at pin 42 to 
turn on the main power supplies, VDD and VEE. 
About 4.7 milliseconds later, the time constant 
set by R47 and C32 across the pin 16 RESl (Reset 
1) and pin 17 (Reset 0) inputs of U29 expires, 
which causes RES- (Reset) at pin 18 to go low for 
at least 20 milliseconds. RES- resets the CPU at 
U20 and the LCD controller at Ull. When RES- 
goes high again, the CPU loads the contents of 
addresses FFFEh and FFFFh into its program 
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counter and begins to execute the software power- 
up routine. 

One of the elements of the power-up routine is an 
examination in RAM of the ROM checksum* If the 
ROM checksum was found to be correct from the 
last time the Workslate successfully powered 
down, the software will to do a warm start in 
which the it essentially continues with the work 
it was performing before with the contents of RAM 
intact. If the ROM checksum was found to be 
incorrect, the software will do a cold start, in 
which the software assumes that no information 
concerning date or time is correct and performs a 
destructive RAM test. 

A cold start can also be initiated through reset 
switch SI. When SI is grounded as COLDST- (Cold 
Start), the software executes the same power-up 
routine. When the software finds the incorrect 
ROM checksum, it will perform the cold start. 

When the user presses the ON/OFF key to power 
down the Workslate, the tape gate array sets the 
ON/OFF- signal to pin 32 of U20 low. Upon 
receipt of this signal, CPU goes into a 
housekeeping routine to save the contents of 



registers and data in RAM* When the CPU has 
executed the routine, it writes to the tape gate 
array at I/O port 2Ch, indicating that it is safe 
to power down. The tape gate array then pulls 
the STBY- (Standby) line low at pin 9 of U20. 
When the CPU senses that STBY- is low, it goes 
into a routine to save the contents of its 
internal registers in its own 128 bytes of RAM. 

Tape Gate Array Serial Channel. Finally, U29 
channels serial data to and from the CPU for the 
tape read and write circuits, and to and from the 
GPXO port. Also, read data from the modem at U24 
is sent along the serial channel. 

Serial data sent to U29 Intended for the tape 
read and write circuits or the GFIO is received 
at pin 12 of the tape gate array as CTX (Channel 
Transmit). The destination is selected by bits 4 
and 5 of the register selected when CSTAPEWl- is 
selected by the decoder gate array. Data sent to 
the tape write circuits is first encoded into an 
FM (Frequency Modulation) format and sent to the 
write circuits at 2400 baud on the pin 55 RECl 
line and the complementary pin 54 REC2 (Record) 
line. If the GPIO is selected, data is sent on 
the pin 6 GTX (GPIO Transmit) line to the J4 GPIO 
connector. 



Data Input from the tape read circuits arrives at 
the tape gate array as RDTA (Read Data) and Is 
decoded from Its FM format to asynchronous 10-blt 
words, with each word containing one start bit, 
eight data bits, one stop bit, and no parity. 
The decoded tape read data is sent to the CPU on 
the pin 21 CRX (Channel Receive) line to the CPU 
at 2400 baud. Data from the pin 7 GPIO GRX (GPIO 
Receive) is sent to the CPU on the CRX line at 
9600 baud. Likewise, data from the modem is sent 
from the pin 8 MRX (Modem Receive) line to the 
CPU on CRX at 300 baud. The source for CRX is 
selected by bits 4 and 5 of the register selected 
when CSTAPEWl- is selected by the decoder gate 
array. Note that data is not sent to^ the modem 
through the tape gate array. When the modem is 
not in use, no power is applied to it and 
therefore, data on the serial channel has no 
effect on the modem. 



Keyboard 

As shown on page x of Figure 3-3, the keyboard 
scanner is composed of latch UIO and buffer U18. 
When CSKBDW- is low, the CPU writes a 1 to one of 
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the eight bit positions in keyboard latch UIO, 
The CPU then sets CSKBDW- high and CSKBDR- low to 
read the contents of keyboard buffer U18. In 
this way, the CPU can determine which keys on the 
keyboard are being pressed* A complete keyboard 
scan occurs every 10 milliseconds • The keyboard 
matrix appear as shown in Figure 3-8, 
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Figure 3--8. Keyboard Matrix. 
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RAM Complement 

The Workslate can contain either eight 2K-bit by 
eight-bit static CMOS RAMs for a total of 16K 
bytes of storage, or four 16K-bit by eight bit 
static CMOS RAMs for a total of 32K bytes of 
storage. In either case, the RAMs have power 
applied to them always, as long as the two button 
cells are not exhausted. 

The RAMs at U2 through U9 (see page x of Figure 
3-3) are selected using the CSRAM- chip select 
lines from the decoder gate array at U13. If 2K 
by 8-bit RAMs are used, all eight lines are used 
to address a total of 16K bytes of data. If 8K 
by 8-bit RAMs are used, only the first four lines 
(CSRAMO- through CSRAM3-) are used to address a 
total of 32K bytes of RAM, The remaining CSRAM- 
lines are always high. 

The AO through A7 address lines for the RAMs 
originates at the decoder gate array. The A8 
through AlO address lines (or A8 through A13 
address lines) originate directly from the CPU at 
U20. The eight DO through D7 data lines for the 
RAMs originate at the decoder gate array. WE- 
(Write Enable) at pins 21 of the RAMs, and OE- 
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* (Output Enable) at pins 20 of the RAMs correspond 
to the WRITE- and READ- strobes from pins 62 and 
63, respectively, on the decoder gate array, 

ROM Complement 

As shown on page x of Figure 3-3, the Workslate 
uses three CMOS ROMs at U14, U15, and U16 that 
arranged to hold 32K bits by 8 bits* Because the 
ROMs are 32K-bit types, they must be bank- 
switched by the CPU since 32K-bytes of the total 
address space is allocated to the RAM complement 
and the CPU has an available address range is 64K 
bytes. Bank switching is performed by the BANKA- 
(Bank A) and BANKB- (Bank B) lines from the CPU. 
The decoder gate array decodes the BAISfKA- and 
BANKB- lines from the CPU into chip selects for 
the three ROMs, CSROM0-, CSR0M1-, and CSR0M2, 
which correspond to OE (Output Enable) input at 
pins 22 on U14, U15, and U16. 

The AO through A7 address lines for the ROMs 
originates at the decoder gate array. The A8 
through A14 address lines originate directly from 
the CPU at U20. The eight DO through D7 data 
lines for the ROMs originate at the decoder gate 
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